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How does cognitive behaviour therapy reduce fatigue
in patients with chronic fatigue syndrome? The role
of physical activity
J. F. Wiborg*, H. Knoop, M. Stulemeijer, J. B. Prins and G. Bleijenberg
Expert Centre Chronic Fatigue and Department of Medical Psychology, Radboud University Nijmegen Medical Centre, The Netherlands
Background. Cognitive behaviour therapy (CBT) is known to reduce fatigue severity in chronic fatigue syndrome
(CFS). How this change in symptomatology is accomplished is not yet understood. The purpose of the present study
was to determine whether the eﬀect of CBT on fatigue is mediated by an increase in physical activity.
Method. Three randomized controlled trials were reanalysed, previously conducted to evaluate the eﬃcacy of CBT
for CFS. In all samples, actigraphy was used to assess the level of physical activity prior and subsequent to treatment
or a control group period. The mediation hypothesis was analysed according to guidelines of Baron & Kenny [Journal
of Personality and Social Psychology (1986) 51, 1173–1182]. A non-parametric bootstrap approach was used to test
statistical signiﬁcance of the mediation eﬀect.
Results. Although CBT eﬀectively reduced fatigue, it did not change the level of physical activity. Furthermore,
changes in physical activity were not related to changes in fatigue. Across the samples, the mean mediation eﬀect of
physical activity averaged about 1% of the total treatment eﬀect. This eﬀect did not yield signiﬁcance in any of the
samples.
Conclusions. The eﬀect of CBT on fatigue in CFS is not mediated by a persistent increase in physical activity.
Received 28 January 2009 ; Revised 24 August 2009 ; Accepted 19 November 2009 ; First published online 5 January 2010
Key words : Chronic fatigue syndrome, cognitive behaviour therapy, mechanisms of change, mediation analysis,
physical activity.
Introduction
Chronic fatigue syndrome (CFS) is characterized by a
severe and disabling fatigue which persists at least
6 months and which is not the result of a medical
condition or ongoing exertion (Fukuda et al. 1994).
Cognitive behaviour therapy (CBT) has been shown to
reduce fatigue severity and impairment in patients
with CFS (Malouﬀ et al. 2008 ; Price et al. 2008). This
eﬀect has often been attributed to an increase in ac-
tivity because activity programmes have traditionally
played a central role in CBT for CFS (Sharpe et al. 1996 ;
Deale et al. 1997 ; Bleijenberg et al. 2003 ; Quarmby et al.
2007). In the present study, we tested a treatment
model in which the eﬀect of CBT on fatigue is me-
diated by an increase in physical activity.
Several studies have demonstrated that the average
level of physical activity in CFS patients is substan-
tially lower than in healthy controls (e.g. van der Werf
et al. 2000 ; Black et al. 2005). A low level of physical
activity has also been shown to perpetuate the feeling
of severe fatigue in patients with CFS (Vercoulen et al.
1998). In some approaches of CBT for CFS (e.g.
Bleijenberg et al. 2003), an increase in physical activity
is stimulated systematically by asking patients to take
short walks on a daily basis which are gradually
extended in duration up to twice per h per day. Illness-
related cognitions are also targeted in these interven-
tions. In particular, patients’ preoccupation with their
condition and their belief that they have little control
over their symptoms are challenged. These cognitions
have been found to perpetuate fatigue in CFS as well
(Vercoulen et al. 1998).
There are behavioural interventions for CFS which
rely exclusively on a physical activity programme to
improve fatigue. According to the rationale of graded
exercise therapy (GET), the key problem in CFS is
physical deconditioning which can be overcome by
enhancing the level of physical ﬁtness (Fulcher &
White, 1997 ; Wearden et al. 1998). Patients are stimu-
lated to gradually increase their level of physical
activity on exercise bikes or other equipment. Illness-
related cognitions are not challenged intentionally.
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This strategy has been shown to reduce fatigue in CFS
as well (Larun et al. 2004 ; Chambers et al. 2006).
By now, a substantial body of research is available
to support the eﬃcacy of interventions for CFS in
which the level of physical activity is targeted. How-
ever, considerably less attention has been paid to
whether the eﬀect of these interventions actually de-
pends on a change in physical parameters. Such a
ﬁnding would be vital to the validation of all treat-
ment models which rely on a physical activity pro-
gramme in some way to improve fatigue. In the only
study of such nature that we are aware of, Moss-
Morris et al. (2005) demonstrated that an increase in
physical ﬁtness does not contribute to the treatment
eﬀect of GET on fatigue in CFS.
The purpose of the present study was to determine
whether the treatment eﬀect of CBT on fatigue is
mediated by an increase in physical activity. In
psychotherapy research, testing mediation is a strat-
egy to identify variables which intervene in the
relationship between treatment and outcome and
thereby help to better understand how treatment
works (Frazier et al. 2004). This idea is illustrated in
Fig. 1. In Fig. 1a, a change in fatigue is simply ex-
plained by the allocation of treatment (path c). This
model is usually tested when the eﬃcacy of an inter-
vention is of primary interest to the investigator. In
Fig. 1b, the eﬀect of CBT on fatigue (path c’) is medi-
ated by a change in physical activity (path a) which is
responsible for the change in fatigue (path b). We tes-
ted this mediation hypothesis to gain more insight into
how CBT reduces fatigue in CFS.
Method
For the purpose of the present study we reanalysed
three randomized controlled trials (RCT), previously
conducted to test the eﬃcacy of CBT on CFS
(Prins et al. 2001 ; Stulemeijer et al. 2005 ; Knoop et al.
2008). Treatment was based on the manual of CBT for
CFS described in detail by Bleijenberg et al. (2003)
and eﬀectively reduced fatigue severity in all trials.
Patients were randomly assigned to either a treatment
or a control group condition. Assessment took place
prior and subsequent to treatment or the control group
period.
Samples
The ﬁrst of the three RCTs evaluated the eﬀect of
CBT on CFS (Prins et al. 2001). All patients were aged
between 18 and 60 years and met the Centers for
Disease Control and Prevention (CDC) research cri-
teria for CFS (Fukuda et al. 1994), except for the four
additional symptoms criterion. In total, 270 patients
were assigned to either CBT, a guided support
group, or a natural course condition. CBT consisted of
16 sessions of 1 h over 8 months while the guided
support group had 11 meetings of 1.5 h over 8 months.
All groups were assessed at baseline and 8 months
later (second assessment). The results of the guided
support group and the natural course condition were
comparable in the original study (Prins et al. 2001). We
therefore approached the two control groups as one in
our analyses.
The second RCT tested the eﬀect of guided self-
instructions on CFS (Knoop et al. 2008). This minimal
intervention consisted of written self-instructions com-
bined with email contact with a trained therapist. All
patients were aged 18 years or older and met the 1994
CDC research criteria for CFS (Fukuda et al. 1994). In
total, 169 patients were assigned to either the guided
self-instructions or a waiting list control condition. The
time between baseline and second assessment varied
between 6 and 12 months with a mean time of 10.5
(S.D.=4.0) months in the treatment group and 9.7
(S.D.=3.6) months in the control group.
The third RCT evaluated the eﬀect of CBT in ado-
lescents with CFS (Stulemeijer et al. 2005). In total,
69 patients were assigned to either CBT or a waiting
list condition. All patients were aged between 10 and
17 years and met the 1994 CDC research criteria for
CFS (Fukuda et al. 1994). Both groups were assessed at
baseline and 5 months later (second assessment). CBT
consisted of 10 sessions of 1 h over 5 months. Parents
of the adolescent patients were actively involved in the
treatment process.
(a)
c 
(b)
 a  b 
c’CBT
∆ Physical activity
∆ Fatigue
CBT ∆ Fatigue
Fig. 1. The eﬀect of cognitive behaviour therapy (CBT) on
fatigue without (a) and with (b) the hypothesized mediator
changes in physical activity.
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Instruments
Fatigue
The subscale fatigue severity of the Checklist Indi-
vidual Strength (CIS) was used to indicate the sev-
erity of fatigue experienced by patients. It consists
of eight items which are scored on a seven-point
Likert scale. The sum score varies between 8, no fati-
gue, and 56, severe fatigue. The CIS is a reliable and
valid instrument for the assessment of fatigue in CFS
(Vercoulen et al. 1994 ; Dittner et al. 2004). A common
cut-oﬀ score for severe fatigue is 35 (or higher), which
is about two standard deviations above the norm score
for healthy patients.
Physical activity
Actigraphy was used to assess physical activity in all
trials. The Actometer is a motion-sensing device
which is worn around the ankle for 12 consecutive
days. An average daily level of physical activity is
computed over this period, with higher scores in-
dicating more physical activity. The Actometer is de-
scribed in more detail by van der Werf et al. (2000).
They found a signiﬁcant diﬀerence between the mean
Actometer score of CFS patients which was 66 (S.D.=
22) and healthy controls who had a mean Actometer
score of 91 (S.D.=25). They also identiﬁed a group of
patients who scored below the mean score of CFS
patients on 11 out of 12 days and labelled this group
as pervasively passive. We excluded all patients from
our study who missed actigraphy at second assess-
ment.
Analyses
We conducted one-way analysis of variance tests to
test whether those patients who were excluded from
our study due to missing actigraphy at second as-
sessment diﬀered on baseline characteristics from
those patients who were included. Fisher’s exact test
was used in the case of dichotomous dependent vari-
ables.
A macro expansion for SPSS introduced by
Preacher & Hayes (2004) was employed to conduct
mediation analysis. The macro followed the stan-
dard for mediation analysis introduced by Baron &
Kenny (1986). Paths a, b, c and c’ of Fig. 1 were
analysed using regression analysis. To examine path
a, changes in physical activity were regressed on
treatment. Path b was examined by regressing
changes in fatigue on changes in physical activity,
correcting for treatment. In the case of path c,
changes in fatigue were regressed on treatment,
while path c’ was examined by regressing changes
in fatigue on treatment, this time correcting for the
mediator changes in physical activity. The size of the
mediation eﬀect was computed by multiplying path
a with path b.
Statistical signiﬁcance of the mediation eﬀect was
tested using a non-parametric bootstrap approach
(Preacher & Hayes, 2004). The observed dataset was
randomly resampled 5000 times with replacement
which resulted in 5000 samples with mediation eﬀect.
The mean of these mediation eﬀects was used as a
population parameter. When the 95% conﬁdence in-
terval (CI) around this parameter did not include zero,
the null hypothesis was rejected. When the 95% CI did
include zero, the mediation hypothesis was rejected.
This procedure increased the power to detect signiﬁ-
cant eﬀects in small, non-normally distributed sam-
ples.
We analysed each trial separately because patient
population (adult versus adolescent) as well as pre-
sentation of treatment (face-to-face contact versus
guided self-instructions) diﬀered considerably be-
tween the trials. Since we examined three individual
trials in one study, we preferred a p value of
f0.017 as the threshold for signiﬁcance (0.050 div-
ided by 3). All change scores were computed by
subtracting second from baseline assessment. A
negative change score indicated a decrease while a
positive one indicated an increase on the respective
variable.
Results
In Table 1, the baseline characteristics of the patients
who were included in our study are compared with
those patients who were excluded due to missing ac-
tigraphy at second assessment. As shown, none of the
diﬀerences between these two groups yielded signiﬁ-
cance in our analyses.
In Table 2, baseline, second assessment and change
scores on fatigue severity and physical activity are pre-
sented per treatment condition for the group of in-
cluded patients. In Table 3, it can be seen that fatigue
reduced signiﬁcantly more in the treatment group
than in the control group in all samples (path c). How-
ever, CBT did not produce a signiﬁcant change in
physical activity in any of the samples (path a). There
was also no signiﬁcant relationship between changes
in physical activity and changes in fatigue (path b).
The eﬀect of treatment on fatigue remained signiﬁcant
when it was controlled for changes in physical activity
(path c’).
In Table 4, results of the bootstrap analysis are
shown. Resampling of the observed dataset resulted
in a mean mediation eﬀect with a 95% CI for each
sample. The mean mediation eﬀect averaged about 1%
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of the total treatment eﬀect across the three samples.
The 95% CI of the meanmediation eﬀect included zero
in all samples. The mediation hypothesis was not
conﬁrmed.
Discussion
The data did not support a treatment model in which
the eﬀect of CBT on fatigue is mediated by an increase
Table 2. Baseline, second assessment and change scores on fatigue severity and physical activity in the group of included patients per
treatment condition
Prins et al. (2001) (n=211) Knoop et al. (2008) (n=132) Stulemeijer et al. (2005) (n=58)
Treatment condition …
CBT Control CBT Control CBT Control
(n=70) (n=141) (n=58) (n=74) (n=28) (n=30)
Fatigue severity
Baseline 52.4 (4.0) 51.7 (4.1) 49.5 (5.1) 49.6 (5.7) 52.3 (4.1) 51.3 (4.4)
Second assessment 40.3 (10.5) 45.8 (8.7) 38.9 (10.8) 45.7 (8.9) 24.8 (14.1) 42.9 (13.9)
Change score x12.1 (10.3) x6.0 (9.2) x10.6 (11.1) x3.9 (8.4) x27.5 (14.2) x8.4 (13.4)
Physical activity
Baseline 67.4 (21.8) 64.5 (19.7) 63.1 (23.5) 63.5 (21.8) 65.6 (22.4) 65.0 (20.1)
Second assessment 68.8 (25.2) 64.9 (21.7) 67.3 (22.5) 67.8 (21.4) 75.8 (21.7) 67.7 (23.8)
Change score 1.4 (18.5) 0.4 (16.4) 4.3 (20.4) 4.3 (21.0) 10.3 (21.7) 2.7 (28.1)
CBT, Cognitive behaviour therapy.
Values are given as mean (standard deviation).
Table 1. Baseline characteristics of included versus excluded patients
Prins et al. (2001) Knoop et al. (2008) Stulemeijer et al. (2005)
Included Excluded Included Excluded Included Excluded
n (CBT) 211 (70) 59 (22) 132 (58) 37 (26) 58 (28) 11 (7)
Age, years 36.9 (10.2) 36.0 (9.7) 37.9 (10.4) 38.4 (10.1) 15.7 (1.3) 15.4 (0.8)
F 0.37 0.08 0.48
p 0.543 0.785 0.493
Percentage female (n) 78 (165) 80 (47) 77 (101) 89 (33) 90 (52) 81 (9)
pa 0.860 0.111 0.604
Illness duration, years 5.5 (5.4) 6.0 (6.3) 9.7 (9.9) 12.0 (10.9) 1.8 (1.3) 1.7 (1.2)
F 0.33 1.56 0.03
p 0.566 0.213 0.865
Fatigue severity 52.0 (4.1) 52.9 (3.4) 49.6 (5.4) 49.2 (5.4) 51.8 (4.3) 53.4 (2.7)
F 2.46 0.16 1.34
p 0.118 0.692 0.251
Physical activity 65.4 (20.4) 69.0 (26.7)b 63.3 (22.5) 61.9 (18.5) 65.3 (21.0) 65.7 (33.2)
F 1.21 0.12 0.00
p 0.272 0.733 0.953
Percentage passive (n) 25 (53) 14 (8) 27 (35) 24 (9) 22 (13) 44 (4)c
pa 0.077 1.00 0.216
CBT, Cognitive behaviour therapy.
Values are given as mean score (standard deviation) unless otherwise indicated ; diﬀerences were examined with analysis
of variance.
a Fischer’s exact test.
b One patient missing.
c Two patients missing.
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in physical activity. CBT did neither cause an increase
in physical activity at the end of treatment (path a) nor
was an increase in physical activity associated with a
reduction in fatigue (path b). A formal test of the me-
diation eﬀect conﬁrmed that CBT yielded its eﬀect in-
dependent of a persistent change in physical activity.
These results are in line with the study of Moss-
Morris et al. (2005) in which it was demonstrated that
not an increase in ﬁtness but a change in preoccu-
pation with symptoms mediated the eﬀect of GET on
fatigue. The results are also consistent with earlier re-
search on CBT for CFS in which a reduction in fatigue
was associated with a change in illness beliefs (Deale
et al.1998). In the light of these ﬁndings, changing ill-
ness-related cognitions seems to play a more crucial
role in CBT for CFS than an increase in physical ac-
tivity.
There are several potential alternative explanations
for the fact that we did not ﬁnd support for our me-
diation hypothesis. A substantial amount of patients
did not complete actigraphy at second assessment and
had to be excluded from our mediation analyses. It is
possible that we introduced a bias through exclusion
which might account for our ﬁndings. However,
analysis of the baseline characteristics revealed that a
selection bias is no likely explanation for our ﬁndings.
Our patients were not required to stick to their
physical activity programme until the end of therapy.
As treatment proceeded, they were allowed to substi-
tute physical activities for other activities such as
social ones. Consistently, treatment could have re-
sulted in a temporary increase in physical activity
which was no longer existent when second assessment
took place. This temporary increase in physical ac-
tivity during treatment might have been suﬃcient to
facilitate a persistent change in illness-related cogni-
tions. When patients learned that they were able to
increase their level of physical activity despite their
symptoms, their belief of having little control over
their condition should have changed and with it also
the perception of fatigue as an inherently aversive
state. To examine these mechanisms of change in CBT
for CFS, patients’ physical activity and illness-related
cognitions need to be monitored repeatedly during
treatment.
Patients with a pervasively passive activity pattern
have extremely low levels of physical activity. These
patients do not respond to common CBT for CFS
(Prins et al. 2001). A speciﬁcally tailored approach in
which the physical activity programme is delivered
earlier showed better eﬀects for these patients (e.g.
Stulemeijer et al. 2005). They might thus proﬁt from
a persistent increase in physical activity after all.
Unfortunately, the number of patients was too small to
properly examine whether a change in physical ac-
tivity does mediate the eﬀect of treatment in pervas-
ively passive patients.
In contrast to pervasively passive patients, the ma-
jority of CFS patients is not only characterized by a low
level of physical activity, but has also a deregulated
pattern of physical activity in which short periods of
high activity are alternated with longer periods of rest
(van der Werf et al. 2000). These patients were taught
to spread their activities evenly across day and week
(Bleijenberg et al. 2003). Perhaps a change in activity
regulation is more important to facilitate improvement
in relatively active CFS patients than an increase in
physical activity.
Taking these considerations into account, the exact
role of physical activity in CBT for CFS remains to be
Table 4. Testing the mediation eﬀect according to the
bootstrap approach
Prins et al.
(2001)
Knoop et al.
(2008)
Stulemeijer
et al. (2005)
Mean mediation
eﬀect
x0.03 0.01 x0.61
Lower 95% CI x0.39 x0.69 x2.19
Upper 95% CI 0.27 0.76 0.86
Total treatment
eﬀect, %
0.5 x0.15 3.2
CI, Conﬁdence interval.
Table 3. Testing paths a, b, c and c’ as depicted in Fig. 1
Path a Path b Path c Path c’
Prins et al.
(2001)
B 0.99 x0.04 x6.11 x6.07
S.E. 2.50 0.04 1.40 1.40
t 0.40 x1.07 x4.36 x4.33
p 0.693 0.285 <0.001 <0.001
Knoop et al.
(2008)
B x0.00 x0.08 x6.64 x6.64
S.E. 3.64 0.04 1.70 1.68
t x0.00 x2.00 x3.91 x3.95
p 0.999 0.047 <0.001 <0.001
Stulemeijer
et al. (2005)
B 7.58 x0.10 x19.10 x18.35
S.E. 6.63 0.07 3.63 3.64
t 1.14 x1.40 x5.27 x5.04
p 0.257 0.178 <0.001 <0.001
S.E., Standard error.
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determined. Besides physical activity, future in-
vestigations should also examine the role of changes in
social, mental and work-related activities in CBT for
CFS, preferably based on the time patients actually
spend on these activities to limit perception bias. For
the time being, our study was the ﬁrst one to show that
the severity of fatigue in patients with CFS is not re-
duced by CBT because patients have become more
physically active at the end of their treatment. Based
on these ﬁndings, physical activity programmes can
better be understood as a way to facilitate change in
other mechanisms which are more directly related to a
change in fatigue. Among these mechanisms, a change
in illness-related cognitions is likely to play a crucial
role in CBT for CFS and should therefore be monitored
closely during treatment.
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